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Abstract

Luteinizing hormone (LH), progesterone and estradiol profiles in
peripheral blood serum were compared among parous and nonparous females
with normal, abnormal or no embryonic development. Hormonal profiles
between parous and nonparous females of the same embryonic status did not
differ and the data were combined. Estrous cycle length was longer
(P<,05) in parous (22.3:.4 days) than nonparous females {21.0z.4 days).
Females with normal developing embryos had a higher serum progesterone
concentration at Days 3 and 6 and a lower ratio of estradiol to
progesterone than did females with abnormal embryonic development.
Females with a normal embryo had higher (P<.05) preovulatory LH peaks
than females with abnormal development or no recovery of an oocyte or
embryo (34.3+4.7, 11.8+6.8 and 13.3+2.5 ng/ml, respectively). The
interval from onset of estrus to LH peak was 8.9%2.1, 13.7+3.7 and 13.5%
6.2 hr for females with normal, abnormal or no recovery of an embryo.

The lower LH peak, the longer interval from onset of estrus to LH peak,
and Tower progesterone concentration in peripheral blood serum in females
with abnormal embryos or no recovery indicated that these females had a
hormonal asynchrony. The hormonal asynchrony may produce an undesirable
uterine environment for male and female gametes or embryos which resulted
in fertilization failure or embryonic death. In the second experiment,
more transferable embryos were obtained when superovulated females
received prostaglandin Faa {PGF2a) intravenously rather than
intramuscularly, Administering PGF,a intravenously rather than
intramuscularly may have caused the demise of the corpus luteum sooner
and thereby produced a more normal uterine environment which aliowed more
embryos to develop normally.
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Introduction

Infertility and embryonic mortality account for 30 to 40 percent
reduction in reproductive efficiency in cattle. Maurer and Chenault (1)
have shown in parous females that embryonic mortality (32%) accounted for
100 percent of the reduction in reproductive efficiency, whereas in
nonparous females, infertility (17%) and embryonic mortality {(17%)
equally contributed to the losses that occurred by Day 18 of gestation.

Christenson et al. (2) reported that 20% of the beef heifers had
unfertilized oocytes. Ovulation was reported to occur between 26 and 36
hr after the onset of estrus in 95% of the heifers. The remaining 5%
ovulated after 36 hr, The interval from estrus to the LH peak was 2.8+
0.8 hr. However, the interval from the onset of estrus to LH peak was
2,7 hr longer in females ovulating between 30 and 36 hr than in those
ovulating before 30 hr., Also, the interval from the LH peak to ovulation
was 1 hr Tonger in those females ovulating Tater. Swanson and Hafs (3)
found in Holstein heifers that the LH peak occurred 3 hr before onset of
estrus, but varied among heifers from 8 hr before to 8 hr after the onset
of estrus. The interval from estrus to ovulation ranged from 16 to 42
hr. Henricks et al. (4) reported the LH peak to occur between 3 to 6 hr
after the onset of estrus in nonlactating Holstein cows. A1l of the
above reports indicated a wide range in the intervals between onset of
estrus and the LH peak, and between estrus and ovulation.

In superovulated females, embryos collected vary in developmental
stages within donor, indicating differences in ovulation time
fertilization time and possible developmental difficulties (55. The
superovylatory treatment itself may adversely affect development of the
embryos. Therefore, to achieve high pregnancy rates after embryo
transfer, embryo quality must be high.

The objectives of this study were (1) to determine if differences in
intervals between estrus and luteinizing hormone (LH) peak affect
subsequent embryonic development in parous and nonparous females and (2)
to determine if a relationship exists between estradiol and progesterone
concentrations in peripheral blood serum and embryo survival, In a
second experiment the route of administration of prostaglandin Fpq given
to follicle stimulatinghormone (FSH) primed females and subsequent
embryonic development was compared.

Materials and Methods

Twenty~four Limousin x Hereford and Limousin x Angus crossbred cows
and 24 three-way crossbred heifers were divided equally into three groups
of 16 (8 heifers and 8 cowsg. Each group was given intramuscularly 25 mg
prostaglandin Fza (Lutalyse) to synchronize estrus and then observed for
estrous behavior. Each group of 16 animals was either placed in
individual stalls or small holding pens for two weeks. Eighteen days
after the synchronized estrus, the 16 animals were placed in two adjacent
pens with eight females per pen and observed continuocusly for estrous
behavior. In the first group, onset of estrus was determined by
homosexual behavior and the females were artificially inseminated with
frozen semen from a high fertility bull 12 and 24 hr after the onset of
estrus. In the second and third groups, onset of estrus was determined
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by actual mating with Hereford x Red Poll crossbred bulls, Each female
was mated once to two different bulls. Immediately after the onset of
estrus or mating a 50 ml blood sample was drawn via venipuncture.
Thereafter, a jugular cannula was placed in the females in groups one and
two and the females were housed in individual stalls or small pens.
Venipuncture was used to draw blood samples from the females in the third
group and these females were housed in small pens. A1l females were fed
a diet of 50% corn silage and 50% haylage ad 1ibitum.

Catheters

Tygon micro bore tubing (1.27 mm inner diameter and 2.29 mm outer
diameter) was cut in 100 cm lengths and filled with a 7% tri-
dodecylmethyl ammonium chloride heparin solution for at least two
minutes. Each catheter was flushed and allowed to dry for several days.
The catheters were sterilized in a Roccal-D solution and placed into the
external jugular vein via a 11 gauge needle. The catheters were passed
20 to 30 cm into the vein and attached via silicone cement to a small
piece of a larger bore tygon tubing which was sutured to the outer skin.
The catheters were covered by tag cement and elastic adhesive tape. Each
catheter was fitted with a female luer-lok which was stoppered with a
solid plug. After drawing a blood sample, the catheters were filled with
heparinized saline (20 units/ml1) containing 1% benzyl alcohol. The plugs
were placed in 70% ethyl alcohol to maintain sterility while the blood
sample was collected.

Blcod Collection

A 50 m1 blood sample was collected immediately after the onset of
estrus, 2 and 4 hours later and every four hours thereafter until at
least 40 hr after the onset of estrus. Thereafter, a 25 ml sample was
collected every 12 hr until slaughter.

Embryo Recovery

The females were slaughtered at 8 to 10 or 13 to 16 days after the
onset of estrus and reproductive tracts collected. The uterine horn
ipsilateral to the corpus luteum was flushed with 30 m1 physiological
saline and the flushings searched for an embryo or oocyte. If none were
found, the flushing procedure was repeated until an embryo or cocyte was
found or until the tract had been flushed five times. At Days 8 to 10,
fertilization rate and viability were based on the recovery of a
blastocyst (Day 8 to 9) or hatched blastocyst (Day 9 to 10) with a well
formed blastocoele and inner cell mass. At Days 13 to 16, viability was
based on a round to oblong blastocyst with an embryonic disc.
Blastocysts containing mostly dark, fragile, necrotic tissue were
considered degenerate or degenerating.

Assay of Gonadotropins and Steroids

LH
Serum LH concentrations were determined by the double antibody

radioimmunoassay for bovine LH described by Niswender et al. (6) and
modified by Echternkamp (7). The measurable range of the LH assay was
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from 0.2 to 175 ng LH/ml of serum. Interassay coefficient of variation
was 8.7%. Serum LH concentrations are expressed as ng of NIH-LH-B8/ml1 of
peripheral serum.

Progesterone

Serum progesterone was extracted using 0.2 ml serum, 0.5 m1 5% NaCL,
0.05 m1 IN NaOH and 2.5 ml heptane. Separation of phases was facilitated
by freezing and the solvent phase was decanted into 12 x 75 ml glass
disposable culture tubes. Samples were dried individually under a stream
of N2 in a heater block (40°C). This procedure was repeated twice.
Extraction recovery was determined by incubating *P, (NET-381
Progesterone 1,2,6,7-3H(N); New England Nuclear) with a serum pool and
sample recoveries ranged from 90 to 95%. Dried extracts were assayed for
progesterone (P,) by radioimmunoassay using a specific antiserum prepared
against progesterone-llo-bovine serum albumin (Miles-Yeda Ltd., Israel).
Both the antiserum and 3H-progesterone were dissolved in gel phosphate
buffered saline at a concentration sufficient to bind 40 to 60% of the
tritiated progesterone. Separation of free and antibody bound
progesterone was accomplished using 0.1 m! dextran charcoal (62.5 mg
dextran T-70 and 625 mg Norit A charcoal in 50 ml gel phosphate buffered
saline) and refrigerated at 5°C for 15 min. After centrifugation at 800
x g (4°C) for 5 min, 0.5 ml of the supernatant was added to 5 ml of
scintillation fluid for subsequent counting. The Tower limit of
sensitivity of the assay for progesterone was 10 pg per tube. The intra-
and interassay coefficient of variation was 5.4 and 6.7%, respectively.

Estradiol

Estrogens were extracted with 7 ml benzene from 3 to 4 ml serum to
which 1500 CPM of *E, (NET-517 Estradiol, [2,4,6,17,16,17-3H(N)]; New
England Nuclear) was added to adjust for recovery losses. The serum was
extracted twice and each extract dried under nitrogen in a block heater
(40°C). To the dried extract 500 ul of gel phosphate buffered saline was
added. To account for recovery of estrogen extraction, 100 n1 of the gel
phosphate buffered saline was added to 5 ml scintillation fluid and
counted. The remaining extracted sample was assayed for estradiol-178
(E2) by radioimmunoassay (8) using a specific antisera provided by Dr.
Norman Mason of E1i Li1ly Company. Cross-reactivity of the antiserum to
various steroids has been reported by Kesler et al. {9). Both the
antiserum and 3H-estradiol were dissolved in gel phosphate buffered
saline at a concentration sufficient to bind 40 to 60% of the tritiated
estradiol. Separation of free and antibody bound estradiol was
accomplished using 0.1 m1 dextran charcoal (same as for progesterone)
and refrigerated at 5°C for 15 min. After centrifugation at 800 x g
(4°C) for 5 min, 0.5 ml of the supernatant was added to 5 ml of
scintillation fluid for subsequent counting. The samples were corrected
for extraction losses. The sensitivity of this assay for 4 ml of serum
was 2 pg. The intra- and interassay coefficient of variation was 3.5 and
9.9%, respectively.

In a second experiment 31 Red Poll and 32 Angus females 3 years of
age were superovulated with follicle stimulating hormone (FSH). The
first FSH injection was given intramuscularly on Days 10 to 12 of the
estrous cycle and subsequent injections of FSH and prostaglandin Foa were
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given as follows: Day
of
injection FSH AM FSH PM
Day 10 to 12 of the estrous cycle 1 5 mg 5 mg
2 4mg 4 mg
3 3mg + 25 mg PGFoa 3 mg + 25 mg PGFyq
4 2 mg 2 mg
5 2mg 2 mg

The females were observed every 12 hr for estrous behavior and were
artificially inseminated 12 hr after onset of estrus and again 12 hr later
with semen from a high fertility bull. Females not detected in estrus
vere first inseminated on the evening of the last FSH injection and the
next morning and afternoon. Thirteen females received their PGF,a via an
intramuscular injection while the remaining females received their PGF,a
via an intravenous injection. All females were palpated for corpora lutea
and flushed non-surgically on Day 8 of gestation. The number of embryos
and/or oocytes were counted with the use of a stereomicroscope.

The data were analyzed using the least square analysis of variance
procedures as described by Harvey (14). The model used to determine
differences in the first experiment was as follows:

Effects _df
Age (A) 1
State of embryonic development (S5) 3
AXxS 3
Females/AS 38
Time (T) 16
TxA 16
TxS 48
Residual 610

Females/age x state of embryonic development mean square was used as error
mean square to test age, state of embryonic development and age x state of
embryonic development hypotheses. Residual mean square was used as error
mean square to test all other hypotheses. The actual degrees of freedom
differed slightly for each hormone as not all hormones were analyzed at
all times and cows were slaughtered at different times postestrus.

The data from experiment 2 were analyzed as follows. Residual mean
square was used as error mean square for all hypothesis tests.

Effects daf
Breed (B) 1
Day of cycle (D) 2
Type of PGF2 injection (P) 1
Estrus (E) 1
B xD 2
B xP 1
B x E 1
DxP 2
DxE 2
PxE 1
Residual 40
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Results and Discussion

Estrus was detected in all 24 (100%) parous females and in 22 of 24 (91%)
of the nonparous females. Estrous cycle length was longer (P<.05) in parous
{22.3%4 days) than nonparous females (21.0+.4 days).

Once the reproductive tracts and flushings from the uterine horn were
examined and embryonic development evaluated, the females were placed in one
of four catagories: {1} normal developing embryo, (2} unfertilized cocyte or
deg$nerate embryo, {3) no recovery of an cocyte or embryo and (4) failure to
ovulate.

Table 1. Distribution of females by parity and embryonic development or
failure to ovulate.

Embryonic status Parous Honparous Total
Normal developing embryo 9{37.5) 8{36.4) 17(37.0)
Unfertilized oocyte or degenerate

embryo 4{16.7; 4(18,2) 8(17.4)
No recovery of an oocyte or embryo  2{ 8.3 4(18.2) 6(13.0)
Failure to ovulate _9(37.5} _6(27.2) 15(32.6)

24 22 46

Numbers in parentheses are percentages.

The parous and nonparous females were distributed similarly in each
catagory. Since no differences were found between parcus and nonparous females
in hormone concentrations, the data were combined. Females with a normal embryo
had a shorter interval numerically {nonsignificant statistically) from the on-
set of estrus to the LH peak (Table 2;. greater (P<,05) LH peak height and
larger areas under the LH peak (P<.01) than females with unfertilized or
degenerate embryos or no recovery of an cocyte or embryo.

Table 2. Interval from the onset of estrus to the LH peak, peak height and

area.
Peak
No. Interval Heignt Area
Embryonic status females  {hr) (ng/mi) {Cm}
Normal development 17 8.9#2.1 34.3:4,7 14.642,1
Unfertilized ococyte or
degenerate embryo 8  13.723,7 1.8:6.8 3.9:2.7
No recovery of an
oocyte or embryo 6 13.5%6.2 13.3%2.5 6.1¢1.8
NS P<.05 P<.01

Least square mean * standard error.

Christenson et al. {2) reported that heifers with a longer period {1 hrg
between the onset of estrus and ovulation also had a Tonger interval (2.7 hr
from the onset of estrus to the LH peak., Unfortunately, no association be-
tween enbryonic development and the interval between onset of estrus and the

LH peak was reported. The females which failed to ovulate did not have an

LH peak as is shown in Table 3. Since the interval between the onset of estrus
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Table 3. Luteinizing hormone (LH) concentration (ng/ml1) of peripheral blood
serum collected at various time intervals from the onset of estrus
in females with different physiological states of embryonic develop-
ment or lack of it.

Physiological state of embryonic development or lack of it

Time after
onset of Unfertilized or
estrus Normal degenerate Ho recovery Failure to
(hr) embryo embryo of embryo ovulate
(17) (8) (6) (15)
0 7.3+1.7 2.7+2.5 6.0+2.9 3.9+1.8
2 8.7%2.7 2.4%3.1 7.2%3.1 2.2¥2.7
4 16.4+1.7 2.6%2,5 8.5%2.9 2,9¥1.8
8 10.2+1.7 9.7%2.5 4.3%¥2.9 2.2%1.8
12 5.2+1.7 3.6%2.5 1.9%3.1 3.1+1.8
16 3.8%1.7 2.4+2.5 1.6+2.9 2.7%1.8
20 8.1+1.7 2.2¥2.5 0.7+2.9 2.9+1.8
24 2.8+1.7 1.7#2.5 1.3#3.2 3.0+1.8
28 2.0+1.7 2.4+2.5 2.7+2.9 3.8+1.8
32 3.2%1.7 2.3#2.9 3.0#3.2 3.1+1.9
36 3.4+1.8 2,312.5 1.5+2.9 3.4+1.8
40 1.7+1.9 1.8%2.9 1.6%3.1 3.1+1.8

Numbers in parentheses are the number of females samples.
Least square mean * standard error.

and the LH peak differed within groups, the least square means for LH content
at different times are less than the peak heights calculated in Table 2. Peak
heights in all groups may have been higher if more frequent blood samples were
collected.

The analysis of progesterone showed a significant (P<.05) effect of state
of embryonic develcpment, time and interaction of state of embryonic
development and time. Least square means + standard error are given in Table
4. Females with a normal developing embryo had higher progesterone concentration
cn Day 3 (P<.05) and on Day 6 (P<.10) than females with unfertilized ococytes or
degenerate embryos or no recovery of an embryo. These progestercne data are
in agreement with previous results (10) for mated and open beef heifers.
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Table 4. Progesterone concentration (ng/ml) of peripheral blooc serum collected
at various time intervals after the onset of estrus in females with
cifferent physiological states of embrycnic development or lack of it.

Physiological state of embryonic development
or lack of it

Time after
onset of Unfertilized or
estrus Normal degenerate No recovery Failure to
{hr) _embryo enbryo of embryo ovulate
(17) (8) (6) (15)

0 1.140.1 1.140.2 0.4+0.2 1.040.2
2 0.6%0.2 1,1+0.3 0.4+0.3 0.6%0.2
4 0.6+0.1 0.740.2 0.8%0.2 0.5+0.2
8 0.4+0.1 0.5+0.2 0.4+0.2 0.6+0.2
12 0.4+0.1 0.4+0.2 0.2+0.2 0.5%0.2
1€ 0.310.1 0.3%0.2 0.2%0.2 0.4+0.2
20 0.3#0.1 0.440.2 0.2+0.2 0.4+0.2
24 0.3+0.1 0.3%0.2 0.1+0.2 0.3%0.2
28 0.3+0.1 0.3%0.2 0.2%0.2 0.3+0.2
32 0.2+0.1 0.3%0.2 0.2%0.2 0.230.2
36 0.5+0.1 0.3+0.2 0.0+0.3 0.3+0.2
40 0.3+0.2 0.2+0.3 0.1+0.3 0.2%0.2
[D-2] 48 0.4%0.2 0.3%0.2 0.2%+0.2 0.2%0.2
[p-31 72 0.640.1 0.2%0.2 0.3#0.2 0.270.2
[D-61 144 2.040.1 1.140.2 2.040.2 0.240.2
{D-9] 216 4,7%0.2 4,6+0.3 4.8+0.3 0.1%0.2
[D-11] 264 4.6+0.2 5.50.2 6.3%0.3 0.3%0.2
[D-13] 312 3.740.3 7.6+0.4 6.8+0.4 0.1%0.3

Numbers™ Tn parentheses are the number of females sampled.
Numbers in brackets are days.
Least square mean + standard error.

The least square means of estrogen concentrations in females with differing
embryonic development or failure to ovulate at various times after estrus are
presented in Table 5. The only significant {P<.01) change in estrogen concen-
tration was with time after estrus. As would be expected, concentrations were
high at estrus and declined thereafter. Females with unfertilized oocytes or
degenerating embryos had overall higher (P<.01) concentrations of estradiol than
did females in the other catagories. The ratioc of estrogen (pg/ml) to proges-
terone (ng/ml) presented in Table 6 was higher (P<.05) in females with
unfertilized oocytes or degenerating embryos or ro recovery of an oocyte or embryo
than in females which had normal developing embryos. This was the result of
increased estradiol and decreased progestercone concentrations indicating a hor-
rmone imbalance in these females. The steroid hormone imbalance may have resulted
because the LH peak occurred later in the females which had fertilization failure
or degenerating embryos or no recovery of an embryo. Females, in which estrus
was detected but failed to ovulate, had no LH peak. Lukaszewska and Hansel (11)
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Table 5. Estradiol concentration (pg/ml) of peripheral blood serum collected
at various time intervals from the onset of estrus in females
with different physiological states of embryonic cdevelopment or lack
of it.

Physiological state of embryonic development or lack of it

Time after
onset of Unfertilized cor
estrus Normal degenerate No recovery Failure to
(hr} embryo embryo of embryo ovulate
(17) {8) (6) (15)

0 8.4+1.2 11.9+1.7 13,9+1.9 9.3+1.2
2 8.8+1.2 10.0+2.0 6.3+1.9 5.6%1.2
4 5.7+1.1 9.1+1.7 7.6%1.8 6.4¥1.1
8 5.6+1.1 8.2%1.7 5,0%1.8 5.7%1.1
12 5.3+1.2 9.2+1.7 7.3+2.0 4.1+1.2
16 5.2+1.1 6.6+1.7 6.412.0 £, 2%1.1
20 4,8+1.2 8.311.7 6.9+1.9 7.2%1.1
24 3.6+1.1 6.5+1.7 4,1+2.6 4,1+1.1
28 5.1+1.2 8.3%1.7 4,8+1.9 4,3+1.2
32 4.3+1.4 8.8%1.7 4.2%1.9 3.371.1
36 3.7¢1.2 9.3+1.7 3.9+1.9 3.4%1.2
40 3.6%1.2 11.1%1.7 3.6+1.9 4,5+1.2
48 3.4%1.2 7.5+1.7 2.5+1.9 6.4¥1.2
72 3.81.3 2.9+1.7 4,0¥1.9 4,1¥1.2

144 3.8%1.3 4.2%1.7 2.7%1.9 3.971.2

Numbers in parentheses are the number of females sampled.
Least square mean + standard error.

Table 6. Ratio of estradiol (pg) to progesterone {ng) in females with
differing status of embryonic development.

Physiological status of embryonic development

Time
{hours) Unf- No Failure to
{days) Normal deg recovery ovulate
0 7.61 10.49 28.46 8.76
2 13.58 8.41 19,12 8.34
a 10.45 13.49 2.08 11.85
8 14,10 15.80 10.44 9,84
12 12.73 12.50 25.11 8,82
16 17.30 22.79 19.68 12.05
20 16.90 22.57 32.76 17.88
24 10.94 20.68 20,00 13.00
28 19.65 26.97 18.17 14,75
32 18.38 27.87 18.35% 14,67
36 7.85 25.42 21.50 13.54
40 10.44 £0.41 21.12 17.12
48 12.03 17.62 12.92 22.09
D-3 6.85 12.64 11.81 20.68
D-6 1.87 2.68 1.13 20.72
Means 12.05+1.26  19.42+2.88 17.91+2.09 14.27+1.18
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measured estradiol and progesterone in pregnant and nonpregnant heifers.
They found higher progesterone concentration in plasma of pregnant females
between Days 10 and 18 and higher estrogen concentration in plasma of
pregnant females between Days 6 and 16 than nonpregnant females. Their
progesterone values increased later than what was observed in the present
study, however, their females were not observed continuously for estrus
and their initial observation could have varied as much as 12 hours later
than the present study. Erb et al. (12) reported higher progesterone
concentrations in pregnant females than nonpregnant females. They
concluded that delayed estrus and delayed preovulatory increase in LH
after progesterone had decreased to less than .75 ng/ml were the main
cause of subnormal progesterone concentrations. The results of the present
study are in agreement with their findings.

In the females which failed to ovulate, the progesterone concentration
was above 1 ng/ml only at estrus but declined to 0.5 ng/ml or less for the
rest of the sampling period. Estradiol concentrations were above 5 pg/ml
for 24 hours after the onset of estrus and declined to less than 5 pg/ml
thereafter. Therefore, the estradiol and progesterone concentrations do
not appear to be abnormally high or low. Handling may have caused these
females to become stressed since these females had been maintained on the
range. Moberg and Stoebel (13) reported that in Holstein heifers given
cortisol, three of four females failed to have a LH peak and follicular
development was arrested.

The results of administering PGFoa either intramuscularly or
intravenously are given in Table 7. In animals given PGF,q IV, 70% were
detected in estrus, whereas, only 46% of the females receiving their PGFzq
IM were in estrus (X2 = 2.58, 1df, P~.12). No embryos or cocytes vere
reccvered in 8 females given PGF,y IV while all 13 females receiving PGFja
IM had embryos (X2 = 2.38, 1df, P~.14). The route of administration of
PGFyy did not have a significant effect on ovulation rate in the 55 females
which had embryos or cocytes (P~.24) but did increase numerically the
number of oocytes and embryos recovered (P~.13), as well as, the percentage
of recovered morula and blastocysts (P~.13). However, the among animal
variability in response to the supercvulatory procedure still remained
high. With the intravenous injection of PGFyn, we obtained on the
average 2 more transferable embryos than with IM injections. The embryo
quality appeared to be better as evidenced by the increased number of
oocytes or embryos (1.4) while the number of transferable embryos increased
by 2.1 in females receiving PGF,y intravenously.

Giving the PGF2 IV may have produced a large surge in prostaglandin
to the corpus luteum and, thereby, hastened its demise., This could have
preduced a more normal endocrine balance and uterine environment, thereby
allowing more embryos to develop ncrmally.
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